Objective: The study was aimed at comparing the accuracy in length of insertion of umbilical arterial catheter in all new born groups stratified according to weight, by using two different methods, that is, Wright et al./ Case (Group I): (4 Â Body wt (BW) (kg)) þ 7; Shukla et al./Control (Group II): (3 Â BW (kg)) þ 9.
Introduction
Umbilical arterial catheter (UAC) has become a standard arterial access in neonatal intensive care unit for drawing blood samples, measuring blood pressure and administering fluid and medications. 1, 2 Umbilical catheters reduce distress by reducing the need for venipuncture and heel prick capillary blood sampling in the sick, unstable newborn. 3 High placement of arterial catheter between the 6th to 10th thoracic vertebral (T6-T10) levels is considered a safe and feasible position, 4 as inappropriate positioning of the umbilical arterial catheter may result in complications. In an effort to decrease these, it has been recommended that the UAC tip be seen on a radiograph to lie between vertebral bodies T6 and T9 or T10, which will place it within the upper aorta, 3 a Cochrane meta-analysis 5 also recommended the same. The UAC needs to be placed accurately at initial insertion, because malposition and subsequent repositioning will expose these fragile infants to unnecessary handling, further radiological exposure and increased infection risk. 3 Analysis of the findings of a study by Dunn 6 on postmortem infants showed that the best correlation was obtained when the length of catheter passed to reach any given point was plotted against either the total length or the shoulder-umbilicus length of the infant studied. This derived relationship between the infant's size (shoulder to umbilicus) and the length of the catheter insertion is the basis for the nomogram, which is most widely used. In emergency settings, some parameters may be difficult to obtain accurately because of flexor tone of the newborn and multiple monitor attachments to the body. 4 Shukla and Ferrara 7 devised a modified regression equation utilizing body weights for rapid calculation of insertion distance. This calculation, now used in many centers, is UAC insertion length (cm) ¼ (3 Â BW (kg)) þ 9. Wright et al. 3 observed that on using the Shukla and Ferrara calculation there was a consistent overestimation of catheter insertion length in very low birth weight (VLBW) population. Regression analysis suggested that the equation, UAC insertion length (cm) ¼ 4 Â BW (kg) þ 7, would result in more accurate placement, especially in infants weighing <1000 g. This suggested a need for a dedicated variation of the BW formula in the VLBW and extremely low birth weight infant to achieve accurate UAC placement.
We observed the problem of over insertion in VLBW babies to be prevalent in our unit where, our preexisting practice was guided by Shukla's and Ferrara's formula. In larger babies the insertion length was appropriate irrespective of the formula. The need for validation of one universal formula in all babies including VLBW babies with least manipulation led us to undertake a randomized controlled trial by using Wright's and Shukla's formulas in the newborn population requiring umbilical arterial catheters.
Methods

Aim
To compare the accuracy in length of insertion of umbilical arterial catheter in new born babies by using two different methods, that is, Wright et al./Case (Group I): (4 Â BW (kg)) þ 7; Shukla et al./Control (Group II): (3 Â BW (kg)) þ 9 from the abdominal skin so that the tip of UAC lies between vertebral bodies T6 and T9-T10.
Inclusion Criteria: During the 9-month study period from January 2010 to September 2010, all neonates admitted to our hospital that required umbilical arterial catheters were included in the study.
Exclusion Criteria: Fetal hydrops or major congenital abnormalities of the spine, limbs and where UAC was mistakenly placed in the umbilical vein instead of an artery/umbilical venous catheter placed in an artery.
The material used was a 3.5-G radio-opaque umbilical catheter-270 of Vygon France and the catheters were inserted under aseptic precautions and fixed accordingly. All our warmers/incubators have a separate radiographic cassette insertion provision underneath the mattress and the position of the baby was adjusted before taking the X-ray, thus preventing too much manipulation of the child and accidental position change of the catheter during X-ray. The presence of this provision made sure that the sterile environment was not disturbed for subsequent repositioning.
The following neonatal data were collected: success of insertion of catheters, gestational age at delivery, birth weight, gender and position of the catheters. The neonates were divided into different sub groups and stratification was done for birth weights into >2500 g, 1501 to 2500 g, 1001 to 1500 g and <1000 g. Weights of the babies were measured using digital weighing scales manufactured by phoenix medical systems, Chennai, India and were internally calibrated every day and externally calibrated periodically. The random allocation sequence was computer generated and slips of paper bearing the allocated intervention for different groups were placed in serially numbered, opaque, sealed envelopes to ensure concealment of allocation and more than 12 doctors were involved in placing these lines including consultants, fellows and registrars. The position of the catheter both on the X ray and at the site of insertion was confirmed by two physicians separately and reconfirmed by a blinded radiologist the next working day, if there was a discrepancy the subject was excluded from the study. Parental consent was taken as a routine for the procedure and as both Wright's and Shukla's formulas are accepted methods for positioning of umbilical catheters separate consent was not taken, the study was approved by our institutional ethics committee. Length was taken as appropriate if the catheter tip was found to lie between upper borders of T6 to lower border of T10 on the radiograph and was taken as abnormal insertion if the tip was outside these vertebral bodies. An earlier study showed the reduction of repositioning of umbilical catheters by 33% in VLBW babies using the Wright's formula and hypothesizing that similar will be the case we calculated the sample size of 28 babies (85% power, P<0.05) to be needed in each arm of VLBW group, however, we expected the repositioning rates to be similar in the term babies and bigger preterm babies. Considering our average admission rates and rates of umbilical arterial catheterization we felt that 9-month period would be sufficient to enroll the required subjects for the study. Statistical analysis was performed using the Student's t-test for continuous variables and Fisher's exact tests and odds ratio were used for categorical variables, as appropriate. A P value of <0.05 was considered statistically significant.
Results
During the 9-month study period 106 babies required umbilical arterial cannulation, of them 3 babies had multiple congenital anomalies and were excluded. Of the 103 babies 4 babies (2 babies in <1000 g group I, 1 baby each in 1001 to 1500 g & 1501 to 2500 g group II) could not be cannulated (Figure 1) . Two babies had discrepancies in the radiologist's and physician's interpretation and hence were excluded. A total of 99 babies who fulfilled the entire criterion were analyzed. The babies in both the groups were similar in relation to weight, gender, prematurity and weight subgroups ( Table 1) . Out of the 99 babies who fulfilled the criterion 26 (26.3%) were term and rest of them were preterm. Under insertion was seen in 8% (4/50) in group I and over insertion was seen in group II where it was 32.6% (16/49) ( Figure 2) (Table 2 ). There was a reduction of 82% abnormal insertions and repositioning by using the Wright's formula as compared with the Shukla's formula in preterm babies. Statistically significant reduction in repositioning was seen in all babies <1500 g in Group I, under insertion was seen in 8% of babies, however, it was not statistically significant (P ¼ 0.34).
Discussion
Umbilical catheters are frequently required in the management of severely ill neonates and inappropriate positioning can cause complications. 8 The need for a simple and reliable common formula to predict the length of the catheter to be inserted in preterm and term babies is lacking. In the study by Wright et al. only <1500 g babies were included in the study and the study group was 74 neonates as compared with our study where 26 (26.3%) were term and the rest (n ¼ 73) were preterm (Figure 2 ).
In the study by Verheij et al. 8 where they considered T1-T11 as the correct site of insertion for the umbilical arterial catheter found that by Dunn's formula 6 the accuracy of insertion was 63% and using Shukla's formula 7 the accuracy was significantly (P<0.05) better at 87%. In spite of taking the normal from T1, the catheters were over inserted in rest of the children. Weights of their population group ranged from 575 to 6430 g and there is no description as to in which group of babies was the over insertion more common and the range of insertion taken as normal is too high to draw any firm conclusions from the study considering the fact that high insertions can have intracranial effects. 9 Wright et al.
3 studied umbilical arterial catheterization in VLBW babies and found the correct insertion incidence went up from 50% using the Dunn's formula 6 to 85% using their derived formula (odds ratio 5.7, P<.003), the repositioning of catheters after radiography decreased from 49 to 16% (odds ratio 0.19, P<.007). Under insertion was seen in 11% of these babies; however, this did not reach statistical significance.
In our study when we compared Wright's formula with Shukla's formula we found that in both the groups the abnormal position of the catheters was seen predominantly in preterm babies and all the term babies in both groups had appropriate insertions. This probably is because of the fact that using both the formulas the difference is a maximum of 1 cm and this probably is a small variation in term babies considering the fact that appropriate insertion distance is anywhere between T6-T10. Under insertion was seen in 8% in group I, however, it did not attain statistical significance (P value ¼ 0.34). Over insertion can be corrected by pulling out the catheter, which does not compromise the sterility, whereas under insertion is difficult to correct unless the catheter is reinserted, however, provision for a radiographic cassette beneath the baby can cause minimal disturbance to the sterility and subsequent repositioning can be done aseptically. Over insertion has been found to have intracranial complications 9 as in comparison with under insertion, which can cause obvious ischemic complications and probably an increased incidence of aortic thrombosis. 5 Our study shows that there might not be a universal formula that fits all but probably Wright's formula comes closer to being a universal formula and can be applied to all groups of neonates in spite of under insertion seen in 8% of babies. Usage of Shukla's formula caused over insertion in 32% of babies and probably an ideal distance is somewhere between the two formulas. A bigger study in all groups of babies can probably address this issue and derive a better, accurate and universal formula. Our study though not masked has been designed to minimize bias where more than 12 doctors were involved in the insertion of lines and the accuracy of insertion was verified by two independent physicians and cross checked with a radiologist and the images stored for future reference. Out of the physicians involved in interpreting the line accuracy one of them was blinded. The small size of our groups precludes firm recommendations and this probably is the main limitation of our study. Usage of radiography as the only modality for checking the catheter position is also one of the other limitation though multiple studies have used this as the only modality for confirming the catheter position as it is easily available. Bedside ultrasonography and echocardiography are other modalities to check for accurate insertion of the umbilical artery without exposing the baby to radiation; however, they require expertise and appropriate equipment, which might not be feasible always.
Conclusions
Our study proves that there is no formula that can be applied universally across all gestational age neonates. However, in VLBW babies' umbilical arterial catheterization using Wright's formula has been found to have lesser repositioning rates as compared with those done using Shukla's formula. 
